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Abstract: Aiming at the problem that the existing neuron morphological matching and similarity measurement
methods are difficult to effectively handle large-scale and complex neuron data, a neuron similarity measurement
method is proposed based on local features and point cloud registration. Firstly, global features are used for
large-scale retrieval to complete the initial selection of neuron similar data. Secondly, unsupervised local features
are extracted according to the selected neuron data, based on the deep convolutional autoencoder, in achieving the
coarse registration between pair-wised neurons. Subsequently, the matching problem of neurons with spatial tree
structure can be transformed into 3D point cloud registration problems based on iterative closest point algorithms.
Finally, the similarity measurement of neuron morphological data can be achieved through the fusion be-
tween the registration score and the retrieval results under global features. 19 286 neurons are extracted from
the NeuroMorpho public data set and compared with 6 other similarity measurement methods. The accuracy
of Top-1 and Top-50 of the proposed method are 0.981 and 0.721 respectively, both of which are better than
the existing methods. Experimental results on large-scale datasets demonstrate the effectiveness and accu-
racy of the proposed method.
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B 7 AT AR IC AL ], H 7 A b 2 e B s 46
v B IR TE S5 M. BT 2 R0 i Y 2
JUEL R ME LB HERS B 19 o T B, A OC T AR
S8 KX 2334 UPN VE AT B RO, w4
A~ uPN MBS T e RAE, RI51HR R
FAE 1) £ (] (9 AFBLBE AR S b 28 00 (| 9 AHRLEE, DA
BEHE 15 2 AU 7 51, BRI AT 15 2 7R TR S 454 1
AL N ASF 2. DI k2155 233xN 4~
IS {SY, JFMRMEHE T uPN M L ElfE N
Top-N K iy 45 5%, A Top-N=w. H
233x N

N B R R 4T T R R B AR L A 2
JeHEE; {UPN} R 2334 uPN4ES; {S}#R 233
A~ uPN XTI N A AR P2 e &
3.2 ZLWIMESINEGHET

5 2.1 T MBI AT 2 R, Kl
TR EE A5 AR [ G i e 2 00 R 42 358 43 A G % 4 38 47
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TR MRS AR TR Sy, LR 2ERZES 4 H G
B AL, rhA g hd o 4 i 122 0 5 R 64 4E 1Y)
R BE AR AR, BRI 2 R AE B R b 22 0 A
X 7 P Jey 8 R BE R AIE . G i i rh R 2H A R R B 2
H 4 DA 2 2R A, e R 4Gl i G
U R i 5, SRR 5301 R 16, 32, 64
128, BREAKNG 12K 5 HAah 3, LKA
1; ER—ER2E A bR E 12k X 5 s 17
H—1k; SRIG A ReLU G 25 AJELM(E S
WJEERATER TH 1 BB AN N A Z 4k e K
WAL E AT T RAE, RN 2.0 ¥ dmtdiny 512
A EAE N R G RERZNWA, 2%
HAEZ R 64 ARy AVRAIE. it oAt Xt
Y i w5 A HEAT X AR AL B, e A5 AR ] =
A BB e R 4 R AR R B 4k
2, BJa— 2806 2R A Sigmoid pREL. 2% 11
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descent, SGD), i 2k pRELIL T oA 58 S 1 2K pR 2L
IR F Ak 0 55 A~ 50k 256, L1145k 20 F, 22
RR 0.001. Ik 20 ik AN 0.01 FFE
0.000 1 JEf5= 1k N2, REECHE rh A48 B A /AR
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FE3CHE, 3FRAT Python FEATHEALBE, A 0ok 1 72
AL R F MATLAB 523,
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S5 RS uPN Y Top-1~Top-50 FYAR{RLTE
J7 30 SR Ak b 28 TO AR AR B SR X B VR g
BT HE 2 ) R 20 S SCAE-Fusel'!],
L-Measure J5 3£ JETF L ICHAZESH Neur-
onPath2Path?OVHI 3 T 1% B 27 ) 48 B4 =) 45 4 1
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SCAE-Fuse*! 0.952 0.792 0.690 0.619 0.516

L-Measure169™®  0.954 0.862 0.785 0.723 0.634

Neuron-
Path2Path!?%

Deep-3DVCAE®® 0935 0.875 0.826 0.782 0.696
AL 0.981 0.930 0.875 0.824 0.721
. MR R R

0.979 0.518 0.511 0.508 0.506
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WA ET A, BHEX Top-M 25 S k47 Jmy 5 471k DT
RO, 219 B ARRUPE F 51 RS BE s 32 31 M
B, mak 2 o, AEMAEZ AR %
ARG A FF 225, Wi Deep-3DVCAEPHE it
(285 T AN, AR SOk TE Top-1~Top-50
AR T, 7E Top-20 ZJ5 BUKE B
PEFECH W R, T Top-20 2R ks B LT A 43
FF. X 18] Deep-3DVCAEP e % 4 5 A 8l 1
Top-20 A Tt E M FEFTRE R H Y Top-50 FY 2

H T AR SO T BB TR T 22 19 00 46 205 2R TP AR 5
15 B A TR0 T 25 25 4 T AR B AY pl ot B AR
2 2 TR SRR N M {H AT BE 2515 21 5 R RS
H 2 AR SC 12 J) 0 T o A B A Ry RE B, I
M =100 B L 2 REFE K 24U Top 20 I ik B i =ik
BE, b T /D RIS FE, AR SCHRARE M =100.

R2 FEMETANXGERUEESHEELL

M Top-1  Top-10 Top-20 Top-30 Top-50
50 0.980 0.930 0.873 0.812 0.636
80 0.980 0.930 0.874 0.823 0.713
100 0.981 0.930 0.875 0.824 0.721

. HARRR R,

(2) BoESTIEME . FEAR SR = e e i 7
AN AR T 7 e 8 0T 2 1) AR 25 AR AR K,
PRI XSS R M R GV S5 AN IRl RS LTSS &
(5305, DA B AN RS B v 14 7 vk 64T 6 B 3256
T oEE AR, Rl BUREL, JRl s
TEISRS | RE PR 25 20 BRI B M FEINT, PR I S 50 5 i
TE B0 R /N RSB B2 SR I, 1T = 2 TR A5 345 Wi
(405 233 A2 JC Y UPN BB S AR e . 8
T XX 233 N pi T AT BEALIE R TR AR i, PR
7 I R A 28 SO BRI AS [ C o D7 v 1A T G o
B AR RO HEZS R BOR R ECHE 7 151 RMSE 5
LCS #84w, I LA [ L o 7 8 6 1 28 70 Bl 1fE 7]
LER R, DARBUR AL AE T 2.

X 233 AN 2T 5O H B AR S 1
Bl EATEC e, AR BCHE S M EUE S B bR g )
X R ) S 2 FAS H RMSE, Uns 3 i RMSE
HER, FRmiiEREBR. M IESRSH
PR ICTHE LCS, PRAS A [R5 T 28
JUABLEE RS2 MR, BT T A Y 233 NI 28 04
P Rxt SR ECHE, PR gonH R R, %
INPLHE T A IS, HUE X H] R [0,1]. AFR 3 AT LA
F A, O FRL G o B AR B A RS TR U R

) LCS fH, [HIZRCRAN A W e v S5 A5 Be e 25 &
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MG E R (. HLECHE S 1CP 454 8975 1 19 RMSE
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i R A R 55 5 K T v A R B A 3 A AR
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(i IRZS RMSE LCS  mffEl/s
HELTC 2.74x10° 0.837 1520.0
Icpt 55.58x10°  0.473 115
EMICP 61.44x10°  0.307 2.5
HLECHE 5 1CPPIZE £ 0.05x10° 0.995 15315
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T LRI RS

Icpi EMICP
Top-1 0.959 0.981
Top-10 0.861 0.930
Top-20 0.810 0.875
Top-30 0.771 0.824
Top-50 0.692 0.721




5 9 3]

MMRRK, & FERFAES S o RCHES |5 T B LT R i &5 ik 1489

T
:
20 FI T W &

&

(=)
T
L
|

|
al

c. Mific# 5 EMICP 454
Bl 6 3 e oE T vk i v AT AR X L

4x

Zn 'IE

B BUA o 22 T B E T VR AR A K

B2 | FAAERP A S5 ), AR SO T —F
DLa R AR WIME, >R FH Jm &8 45 4 4 JBGHE A7 )Ry
FﬁEEE@EE@F§*£F?$H{lﬁtﬁ?§§7?%§ 15 BhIR B 2%

25 M A EHESE BT R E TR 25 14 R R % e
SR, AR SE T AT AR B .
TENTF i 2 O E AR AR AT X b 5286 DL O [R] S 4K
HYTH fl S g, S TR SC R AR AE 5 R s B HE T |
T AR T AR U B B T R R T 2 R
TIE 1 P 22 TC AR R B B 7 TR0 B B AR, B R 68
i ERE S

2% 3k (References):

[1] Alivisatos A P, Chun M, Church G M, et al. The brain activity
map project and the challenge of functional connectomics[J].
Neuron, 2012, 74(6): 970-974

[2] Okano H, Sasaki E, Yamamori T, et al. Brain/MINDS: a Japa-
nese national brain project for marmoset neuroscience[J]. Neu-
ron, 2016, 92(3): 582-590

[31 Amunts K, Ebell C, Muller J, et al. The human brain project:
creating a European research infrastructure to decode the hu-
man brain[J]. Neuron, 2016, 92(3): 574-581

[4] Winnubst J, Arber S. A census of cell types in the brain's motor
cortex[J]. Nature, 2021, 598(7879): 33-34

[5] Poo M M, DulL, IpNY, etal. China brain project: basic neu-
roscience, brain diseases, and brain-inspired computing[J].
Neuron, 2016, 92(3): 591-596

[6] Meijering E. Neuron tracing in perspective[J]. Cytometry Part
A, 2010, 77A(7): 693-704

[7]1 Peng H C, Zhou Z, Meijering E, et al. Automatic tracing of ul-
tra-volumes of neuronal images[J]. Nature Methods, 2017,
14(4): 332-333

[8] Ascoli G A, Donohue D E, Halavi M. NeuroMorpho. Org: a
central resource for neuronal morphologies[J]. Journal of Neu-
roscience, 2007, 27(35): 9247-9251

[9] Li Shiwei, Quan Tingwei, Zhou Hang, et al. An overview of
advances of tools in neuron reconstruction[J]. Progress in Bio-
chemistry and Biophysic, 2019, 46(3): 266-275(in Chinese)
(BEVEE, AIEAG, L, 45 PhETE ST AR TR RBTS
D). A=Y 5E Y)Y kR, 2019, 46(3): 266-275)

[10] Armafanzas R, Ascoli G A. Towards the automatic classifica-
tion of neurons[J]. Trends in Neurosciences, 2015, 38(5): 307-
318

[11] Li Z'Y, Butler E, Li K, et al. Large-scale exploration of neu-
ronal morphologies using deep learning and augmented real-
ity[J]. Neuroinformatics, 2018, 16(3-4): 339-349

[12] LiZ Y, Fan XY, Shang Z'Y, et al. Towards computational ana-
lytics of 3D neuron images using deep adversarial learning[J].
Neurocomputing, 2021, 438: 323-333

[13] Wen Q, Stepanyants A, Elston G N, et al. Maximization of the
connectivity repertoire as a statistical principle governing the
shapes of dendritic arbors[J]. Proceedings of the National
Academy of Sciences of the United States of America, 2009,
106(30): 12536-12541



1490 TR B S BB %53k 94536 &
[14] Ascoli G A. Neuroanatomical algorithms for dendritic model- three-dimensional deep neural network[J]. Scientia Sinica In-

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

ling[J]. Network: Computation in Neural Systems, 2002, 13(3):
247-260

Scorcioni R, Polavaram S, Ascoli G A. L-Measure: a web-ac-
cessible tool for the analysis, comparison and search of digital
reconstructions of neuronal morphologies[J]. Nature Protocols,
2008, 3(5): 866-876

Da Fontoura Costa L, Zawadzki K, Miazaki M, et al. Unveiling
the neuromorphological space[J]. Frontiers in Computational
Neuroscience, 2010, 4: Article No.150

Snider J, Pillai A, Stevens C F. A universal property of axonal
and dendritic arbors[J]. Neuron, 2010, 66(1): 45-56

Longair M H, Baker D A, Armstrong J D. Simple neurite
tracer: open source software for reconstruction, visualization
and analysis of neuronal processes[J]. Bioinformatics, 2011,
27(17): 2453-2454

Fernandez-Gonzalez P, Benavides-Piccione R, Leguey I, et al.
Dendritic-branching angles of pyramidal neurons of the human
cerebral cortex[J]. Brain Structure and Function, 2017, 222(4):
1847-1859

Batabyal T, Condron B, Acton S T. NeuroPath2Path: classifica-
tion and elastic morphing between neuronal arbors using
path-wise similarity[J]. Neuroinformatics, 2020, 18(3): 479-
508

Li Z Y, Fang R G, Shen F M, et al. Indexing and mining
large-scale neuron databases using maximum inner product
search[J]. Pattern Recognition, 2017, 63: 680-688

Li Z Y, Shen F M, Fang R G, et al. Maximum inner product
search for morphological retrieval of large-scale neuron data[C] //
Proceedings of the 13th IEEE International Symposium on
Biomedical Imaging. Los Alamitos: IEEE Computer Society
Press, 2016: 602-606

Chang Lingchen, Li Zhongyu, Fan Xiayue, et al. Large-scale
neuron morphological representation and retrieval based on a

[24]

[25]

[26]

[27]

(28]

[29]

(30]

(31]

formationis, 2021, 51(12): 2089-2101(in Chinese)

(W AER, 255, B, 5. T = 4RIREE M2 ML K
MR Z OB S RIE SRR Q] PEBE: FERE,
2021, 51(12): 2089-2101)

Zhao J, Chen X J, Xiong Z W, et al. Graph representation
learning for large-scale neuronal morphological analysis[J].
IEEE Transactions on Neural Networks and Learning Systems,
2024, 35(4): 5461-5472

Hinton G E, Salakhutdinov R R. Reducing the dimensionality
of data with neural networks[J]. Science, 2006, 313(5786):
504-507

Besl P J, McKay N D. Method for registration of 3-D
shapes[C] //Proceedings of the Sensor fusion 1V: Control Para-
digms and Data Structures. Bellingham: Society of
Photo-Optical Instrumentation Engineers, 1992, 1611: 586-606
Granger S, Pennec X. Multi-scale EM-ICP: a fast and robust
approach for surface registration[C] //Proceedings of the 7th
European Conference on Computer Vision. Heidelberg: Springer,
2002: 418-432

Fischler M A, Bolles R C. Random sample consensus: a para-
digm for model fitting with applications to image analysis and
automated cartography[J]. Communications of the ACM, 1981,
24(6): 381-395

Jefferis G S X E, Potter C J, Chan A M, et al. Comprehensive
maps of Drosophila higher olfactory centers: spatially segre-
gated fruit and pheromone representation[J]. Cell, 2007, 128
(6): 1187-1203

Wan Y N, Long F H, Qu L, et al. BlastNeuron for automated
comparison, retrieval and clustering of 3D neuron morpholo-
gies[J]. Neuroinformatics, 2015, 13(4): 487-499

Costa M, Manton J D, Ostrovsky A D, et al. NBLAST: rapid,
sensitive comparison of neuronal structure and construction of
neuron family databases[J]. Neuron, 2016, 91(2): 293-311



